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Research indicates that disadvantaged socioeconomic status in childhood or adolescence increases
speciﬁcally women’s risk for developing metabolic syndrome in adulthood. Construing this observation
as an expression of embodiment, the present study aims at examining the ‘social chain of risk’ and the
‘reproduction’ hypotheses as pathways of this embodiment. Participants were all women in the Northern
Swedish Cohort, a 27-year prospective Swedish cohort, with data collection in 1981 at age 16 years
(n ¼ 1083, 506 women), and follow-up at age 21, 30 and 43 (n ¼ 482 women) years. The analytical
sample was n ¼ 399 women (79% of the original cohort). Socioeconomic disadvantage was deﬁned as
parental manual occupation at age 16, and metabolic syndrome according to standardized criteria at age
43. The social chain of risk was operationalized as accumulated social and material adversities at age 16,
21, 30 and 43 years, and reproductive factors by age at menarche, early childbearing (before age 22), and
number of children at age 43. In logistic regression with metabolic syndrome as the outcome, the OR for
adolescent socioeconomic status was rendered non-signiﬁcant and reduced by 21.6% after adjustment for
cumulative adversity over the life course. Of the reproductive factors, only age at menarche lead to an OR
reduction at all (by 4.1%). Our study suggests that women’s embodiment of socioeconomic disadvantage
during upbringing is partly explained by adversity over the subsequent life course. Future studies should
incorporate the living conditions of women over the life course as a possible pathway whereby early life
socioeconomic conditions are embodied.
 2012 Elsevier Ltd. Open access under CC BY-NC-ND license.Introduction
Life course epidemiology has shown that socioeconomic
circumstances in early life can generate lasting health inequalities.
This general phenomenon can be construed as embodiment
(Krieger, 2005); the process whereby the (social) world is literally
incorporated into the material body. Although embodiment is
a process relevant for both women and men, due to their different
social and biological premises, speciﬁc instances of embodiment
can be more pertinent for either women or men, e.g. as some
research indicates for the more pronounced socioeconomic
patterning of obesity inwomen than inmen (Senese, Almeida, Fath,
Smith, & Loucks, 2009).
The particular example of embodiment that is the focus of the
present study is women’s incorporation of unfavorable socioeco-
nomic conditions during upbringing, an expression of the social
world, as indicated by thepresence ofmetabolic syndrome (MetS) in: þ46 90 776 883.
(P.E. Gustafsson).
-NC-ND license.adulthood, an expression of the material body. This example of
embodiment appears to be particularly relevant for women
(Chichlowska et al., 2009; Gustafsson, Persson, & Hammarström,
2011; Langenberg, Kuh, Wadsworth, Brunner, & Hardy, 2006;
Schooling et al., 2008), andmight thus serve as an heuristic example
of the relevance of intersecting social and biological constraints for
pathways of embodiment (Krieger, 2003, 2005). Our examination is
based on 399 women in a 27-year prospective Swedish cohort, by
which we seek to shed further light on the gendered life course
pathways of this embodiment in women. Our speciﬁc research
question is: By which pathways of embodiment are women from
a disadvantaged socioeconomic background at risk for developing
metabolic syndrome in middle-age? First, we will brieﬂy summarize
the empirical support for three hypothetical pathways of this
example of embodiment thatwe (Gustafsson et al., 2011) and others
have examined previously. Second, we will outline and empirically
examine two alternative life course hypotheses of embodiment:
1) The social chain of risk hypothesis, which frames gender rela-
tions as the prerequisite for this embodiment, as indicated by
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adolescence to midlife.
2) The reproduction hypothesis, which centers on expressions of
sex-linked biology as a key aspect of this embodiment, as
indicated by reproductive events over the life course: age at
menarche, early childbearing and parity in middle-age.Conceptual background
MetS is a clinical entity deﬁned by the clustering of several
metabolic disturbances; adiposity, high blood pressure, dyslipide-
mia and a disturbed glucose metabolism (Eckel, Grundy, & Zimmet,
2005) and involves an increased risk for cardiovascular morbidity
and mortality (Sundström et al., 2006). MetS, as an expression of
embodiment, can be viewed as a speciﬁc set of structural and
functional bodily characteristics contingent on the social context in
which people live, or in the case of past socioeconomic conditions,
have lived, their lives. To delineate probable pathways of embodi-
ment, both the social and biological scaffolding need to be taken
into account (Krieger, 2005), e.g. gender relations and sex-linked
biology (Krieger, 2003). Moreover, hypothetical pathways also
need to offer plausible explanations as to how this process of
embodiment may stretch over the life course. Fig. 1 outlines ﬁve
relevant hypotheses of pathways of embodiment, three of which
(1A, 1C, 1E) we and others have examined previously, and two of
which (1B and 1D) we will examine in the present report.
First, the Socioeconomic trajectories hypothesis (Fig. 1A) high-
lights that socioeconomic disadvantage tends to persist from child-
to adulthood, and that women have less opportunity for upward
mobility than men (Heraclides & Brunner, 2010), particularly
considering gendered discrimination of overweight women
(Hammarström & Janlert, 2005). According to the hypothesis,
disadvantage in adulthood is the proximal cause of metabolic
effects. Second, the Adult health behavior hypothesis (Fig.1C) bridges
the span of the life course through the enduring behavioral impact
of socialization, whereby childhood conditions inﬂuence health-
related lifestyle later in life. The symbolic value of overweight
could be described as a social stigma particularly for women of
higher social position, who therefore would engage in lifestyle to
meet ideals of slimness (Khlat, Jusot, & Ville, 2009) and therebyFig. 1. A summary of possible life course pathways of embodiment in women, of which path
present study. Dashed-line boxes demarcate conceptual pathways of embodiment and solidcounter the risk of metabolic syndrome. The Sensitive period
hypothesis (Fig. 1E) (Kuh, Ben-Shlomo, Lynch, Hallqvist, & Power,
2003) postulates that socioeconomic disadvantage becomes
embodied by women early in life, with metabolic risks enduring
into adulthood (Khlat et al., 2009).
However, previous ﬁndings, including our own study, suggest
that the impact of childhood/adolescent socioeconomic status (SES)
on women’s adult risk for MetS remains and is only moderately
attenuated by adjustment for adulthood SES (Gustafsson et al.,
2011; Langenberg et al., 2006; Schooling et al., 2008), adult
health behaviors (e.g. alcohol consumption, smoking, physical
activity, diet) (Chichlowska et al., 2009; Gustafsson et al., 2011;
Schooling et al., 2008), and for body mass and blood pressure in
adolescence and early adulthood (Gustafsson et al., 2011). Although
evidence is scarce, available ﬁndings tentatively suggest that
neither hypothesis constitutes a dominant pathway of this example
of embodiment.
Two additional hypotheses, which we label the Social chain of
risk hypothesis and the Reproduction hypothesis, have to our
knowledge not been investigated as pathways of this example of
embodiment.
First, the social chain of risk hypothesis (Fig. 1B) is based on the
tenets of the ‘chains of risk’ life course model (Galobardes, Lynch, &
Davey Smith, 2004; Kuh et al., 2003) and the ‘weathering hypoth-
esis’ (Geronimus, Hicken, Keene, & Bound, 2006). The general
chains of risk life course model states that early life conditions can
result in probabilistic ‘chain reactions’ that endure over the life
course by sequential links of adverse exposures (Kuh et al., 2003).
As individual exposures can act on health cumulatively, the model
is sometimes considered a particular type of the related ‘cumula-
tive risk’ life course model (Galobardes et al., 2004). Such cumu-
lative effects originating in disadvantage can be construed as
‘weathering’, a framework developed by Geronimus (1992) to
explain racial/ethnical differences in women’s and their children’s
health. Weathering is the health impact of repeated exposure to
social and material adversity as experienced by disadvantaged
groups, and of the resources spent to cope with this hardship
(Geronimus et al., 2006; Keene & Geronimus, 2011).
In the present study, the speciﬁc social chain of risk hypothesis
deﬁnes material and social adversity over the life course as
constituting the links in the chain of risk that originates inwomen’sway A,C and E have been examined previously and B and D will been examined in the
-line boxes measurable indicators of each pathway. See text for details.
P.E. Gustafsson, A. Hammarström / Social Science & Medicine 74 (2012) 1630e16381632early life socioeconomic disadvantage, which in turn can contribute
to metabolic syndrome in adulthood via the cumulative effects of
weathering on key metabolic systems (Geronimus et al., 2006). For
example, a social chain of risk originating in childhood disadvan-
tage, but independent from adult SES, operating through family
adversity and adult psychosocial functioning, has been shown to
relate to ‘metabolic functioning’ in white women (Lehman, Taylor,
Kiefe, & Seeman, 2005). Moreover, young adults from less afﬂuent
families might not beneﬁt from ﬁnancial support from their parents
in times of need; parental divorce during childhood can entail
difﬁculties in forming intimate relationships later in life (Maughan
& McCarthy, 1997); and family conditions can inﬂuence the later
risk for unemployment independently of educational attainment,
e.g. through transmission of skills important for obtaining and
retaining employment (Caspi, Wright, Mofﬁtt, & Silva, 1998). The
hardship one encounters across the life course is also an expression
of gender relations (Krieger, 2003), as manifested by women being
systematically exposed to social and material burdens to a greater
degree than are men (Turner, Wheaton, & Lloyd, 1995; deVries &
Watt, 1996). Structural patterning of burdens have been sug-
gested as explanations of gender differences in other forms of
health (Hamil-Luker & O’Rand, 2007; Khlat et al., 2009) and could
explain why such pathways might be particularly relevant for
women’s health inequalities in metabolic syndrome.
Second, the reproduction hypothesis (Fig. 1D) also draws on the
aspect of the body as a social being but centers on pathways of
embodiment rooted in the deﬁning aspect of the body as a biolog-
ical organism: the capacity to reproduce (Krieger, 2005). The
hypothesis is based on the assumptions that socioeconomic
conditions in adolescence inﬂuence women’s reproductive strate-
gies, which in turn have the potential to speciﬁcally affect the
metabolic systems of women (Senese et al., 2009).
Reproductive events in awoman’s life can be construed not only
as bodily phenomena, but as embodied manifestations of socio-
economic disadvantage. Women from disadvantaged childhood
circumstances bear their ﬁrst child at an earlier age (Dehlendorf,
Marchi, Vittinghoff, & Braveman, 2010; Lee & Gramotnev, 2006)
and also experience earlier onset of menarche (e.g. James-Todd,
Tehranifar, Rich-Edwards, Titievsky, & Terry, 2010) than their
more afﬂuent counterparts. Perceptions about the ideal age for
parenthood are inﬂuenced not just by societal norms but also by
the reproductive practices and fertility timing of the immediate
social context such as the neighborhood (Nettle & Cockerill, 2010).
A poor childeparent relationship, such as lack of parental support,
is a pathway whereby disadvantage can inﬂuence the perceived
ideal age for parenthood (Nettle & Cockerill, 2010) and age at
menarche (Ellis & Essex, 2007). Both behavioral responses, such as
earlier timing of childbearing (Geronimus, 2003), as well as the
biological response of earlier onset of menarche (Belsky, Steinberg,
& Draper, 1991; Ellis & Essex, 2007), can be understood as adaptive
strategies directed at accelerating reproduction in the face of the
threats to health and reproduction social disadvantage entails. As
such, accelerated reproduction can be viewed as a strategy to
counter the weathering effects of disadvantage (Geronimus, 2003).
Nevertheless, embodied reproductive events can also have long-
term consequences for women’s metabolic health. Although the
health effects of reproductive events should not be overstated
(Geronimus, 2003; Geronimus & Korenman,1992; Jaffee, 2002), the
risk for developing metabolic syndrome in particular has been
shown to relate to the number of children a woman bears
(Gundersonet al., 2009), a youngerage forhavingherﬁrst child (Cho
et al., 2009) andan earlier onset ofmenarche (Fenget al., 2008). Such
long-term metabolic effects of childbearing are thought to be
mediated by pregnancy-related visceral redistribution of body fat
(Gunderson et al., 2008) and by physiological disturbances such asgestational diabetesmellitus (Gunderson et al., 2009). Although the
reasons for the metabolic health consequences of earlier age at
menarche are less clear, increased adiposity later in adulthood has
been suggested as a partial mediator (Lakshman et al., 2008).
Reproductive events could also exert their health effects through
expressions of gender relations. For example, the gender division of
labor is reﬂected in the way that women still bear the brunt of
childrearing, and society continues to devalue the work that both
childbearing and childrearing entails.
Methods
Sample and procedures
The sample is drawn from the Northern Swedish Cohort, a 27-
year prospective cohort study. The cohort comprises all school
leavers in 1981 in the municipality of Luleå, Sweden, when
participants were aged 16 years (n ¼ 1083, 506 girls and 577 boys)
(the usual age for leaving the nine-year Swedish compulsory
school). Follow-up was conducted in 1983 (18 years), 1986 (21
years), 1995 (30 years) and 2008 (43 years). The sample has been
found to be rather representative of Sweden as a whole
(Hammarström & Janlert, 2011). Data collection has mainly
comprised extensive questionnaires at each wave, basic health
examinations at age 16 and 21 years, and a comprehensive health
examination at age 43 years. The Regional Ethical Review Board in
Umeå, Sweden approved the study.
As the present study aims to explain an association that we have
found to be only present in women and not in men (Gustafsson
et al., 2011), the sample is based on the 482 women participating
at age 43 (95% of the original cohort). Due to drop-out on metabolic
measures (n ¼ 64) and further non-response on one or more items
necessary for exposure operationalization (n ¼ 19), the effective
sample sizewas n¼ 399 (83% of women participating at age 43, and
79% of the women of the original cohort). For further details of the
drop-out, see the Data analysis below.
Measures
Socioeconomic disadvantage at age 16
Socioeconomic status was operationalized in the same manner
as in our previous report (Gustafsson et al., 2011). Parental occu-
pation, as reported by participants at age 16, was coded into three
social groups, equivalent to the manual worker (blue-collar), non-
manual employees (white-collar) and self-employed classiﬁcation
scheme of Statistics Sweden (1984). As only 8.5% of the fathers and
2.5% of the mothers were self-employed, the self-employed and
non-manual employee categories were collapsed into a favorable
socioeconomic category, whereas the manual group was retained
as a disadvantaged socioeconomic category. Socioeconomic disad-
vantage was deﬁned as both parents belonging to manual occu-
pation (¼1, n ¼ 149), vs. one or both parents belonging to a non-
manual or self-employed occupation (¼0, n ¼ 250). For partici-
pants who only lived with one parent or who had one unknown or
deceased parent, only the occupation of the parent with whom
they were currently living was considered. For parents who were
not currently employed, the last held occupationwas considered. In
complementary analyses only, SES at age 21, 30 and 43 years were
based on participants’ own occupation, with similar dichotomiza-
tion of manual (¼1) and non-manual occupations (¼0), with
educational attainment as a proxy for participants not currently
working and for whom information on last occupation was not
available (only at age 21 and 30 years; university-preparatory high-
school and university education ¼ 0, lower ¼ 1) (Gustafsson,
Janlert, Theorell, Westerlund, & Hammarström, 2010).
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The operationalization of metabolic syndrome was based on
biological parameters measured at the health examination con-
ducted at age 43 years (Gustafsson et al., 2011). Waist circumfer-
ence (cm) and blood pressure (mmHg) were measured according to
the MONICA manual (World Health Organization. Cardiovascular
Diseases Unit, 1990). Blood samples were drawn after overnight
fast, and analyzed with respect to triglycerides, high-density lipo-
protein cholesterol (HDL-C) and glucose levels at the laboratory at
the Department for Clinical Chemistry, Umeå University Hospital.
The International Diabetes Federation’s deﬁnition of metabolic
syndrome for women (Alberti, Zimmet, & Shaw, 2006) was used A)
Waist circumference  80 cm; and B) Two or more of the following
four criteria: 1. Raised triglycerides (1.7 mmol/L) or speciﬁc
treatment for that lipid abnormality; 2. Reduced HDL cholesterol
(<1.29 mmol/L) or speciﬁc treatment for that lipid abnormality; 3.
Raised blood pressure (SBP  130 mmHg or DBP  85 mmHg) or
treatment of hypertension; 4. Raised fasting glucose (5.6 mmol/L)
or diagnosed type 2 diabetes. Current type 2 diabetes (n ¼ 6) was
based on subjects’ self-reported presence of diabetes at age 43,
none of whom also reported diabetes at age 21 or age 30 (which
would have been indicative of type 1 diabetes).
Indicators of the social chain of risk hypothesis: adversity over the
life course
Adversity was conceptualized as the accumulation of acute and
chronic stressors reﬂecting material conditions, or demands or
threats relating to key social spheres. Corresponding items were
selected from the questionnaires at age 16, 21, 30 and 43 years.
Most items originally came from the Swedish Survey of Living
Conditions (Thorslund & Wärneryd, 1985) and the Level of Living
Surveys (Johansson, 1970). As most adversity items were dichoto-
mous by nature or by questionnaire design, all items were
dichotomized as close as possible to the 80th percentile in order to
yield comparable frequencies of individual adversities. The total
number of adversities (k¼ 32) was summed up into an index of Life
course adversity, and at speciﬁc life course periods; i.e. at age 16
(k ¼ 6 adversities), 21 (k ¼ 6), 30 (k ¼ 10) and 43 (k ¼ 10) years
(Note: as social and material adversities might operate by partly
different pathways, corresponding adversity scores were also
calculated for social and material adversities, respectively. As the
main results were comparable using these alternative operation-
alizations (data not shown), only the results from the more parsi-
monious adversity scores are reported). Raw adversity scores were
used for descriptive purposes, whereas z-transformed adversity
scores were used in logistic regression analyses. The adversities
included were as follows (see Electronic supplementary Table 1 for
details):
Adversities at age 16: Poor material standard of living, Residential
crowding, Parental unemployment, Residential instability, Parental
loss/separationandParental Illness.Adversitiesatage21:Lowincome,
Low cash margin, Unemployment, Residential instability, Illness of
close one, Death of close one. Adversities at age 30 and at age 43: Low
cash margin, Financial strain, Unemployment, Spousal unemploy-
ment, Separation/divorce, Social isolation, Illness of close one, Death
of close one, Low decision latitude, Exposure to threat/violence.
Indicators of the reproduction hypothesis: reproductive events over
the life course
The operationalizations of reproductive events were based on
the self-administered questionnaires at the ages of 21 and 43 years.
At age 21, the participants indicated age at ﬁrst menstrual period
(Age at menarche), and whether they had children (positive
response ¼ Early childbearing). At age 43 years, participants indi-
catedwhether they had childrenwith whom they lived or had livedtogether with, with follow-up questions about the year of birth for
all children,whichwas used to calculateNumber of children at age 43
as a proxy for parity. For ﬁve study members who were either
missingon this itemorwhohad indicated that theyhad children but
not their age of birth, the corresponding item at age 30 was used.
Data analysis
Examination of potential selection bias showed that those with
missing data at age 43 (n ¼ 83) did not differ from the analytical
sample (n ¼ 399) with regard to SES at age 16, life course adversity
or adversity at any speciﬁc life course period, age at menarche or
child at age 21 (all p values > 0.10), but had slightly fewer children
at age 43(M(SD) ¼ 1.75(1.18) vs. 2.08(1.15), p ¼ 0.016 (t test)). Thus,
the analytical sample appeared to be slightly selected with respect
to childbearing but not with respect to the other exposures. As we
have reported previously (Gustafsson et al., 2011), women missing
data on metabolic syndrome reported higher alcohol consumption
and had higher systolic blood pressure at age 16, but did not differ
on systolic blood pressure at age 21 or diastolic blood pressure or
BMI either at age 16 or 21 (all p values > 0.10).
The statistical analysis was directed at examining whether the
social chain of risk or the reproductive hypotheses explained the
association between socioeconomic disadvantage in adolescence
andMetS in middle-aged women. First, we examined whether each
of the indicators (i.e. adversity measures for the social chain of risk
hypothesis, and age at menarche, early childbearing, and number of
children at age 43 for the reproduction hypothesis) differed with
respect to SES in adolescence, using t and c2 tests. Second, we
examined whether each of the indicators predicted MetS, using
simple logistic regression models. Third, we examined the contri-
bution of each indicator to the association between SES in adoles-
cence and MetS in adulthood, using multiple logistic regression
models with predictors entered in two sequential models. In the
ﬁrst (crude)model, SES at age 16was entered as the sole predictor of
MetS. In the second model, one indicator was added to the model,
with separate analyses for each indicator. Z-scores of adversity
measures were used in the logistic regression models to yield
comparable odds ratios. The explanatory value of each indicator to
the association between SES at age 16 and MetS at age 43 was
assessed by the relative change of the OR for SES at age 16 from step
one to step two, calculated as ORchange(%)¼ ((ORModel 2  ORModel 1)/
ORModel 1)  100 (Power, Stansfeld, Matthews, Manor, & Hope,
2002), e.g. ((1.66  2.12)/2.12)  100 ¼ 22%. An OR
reduction > 10% was considered sizeable (Maldonado & Greenland,
1993; Power et al., 2002).
Results
The social chain of risk hypothesis and the reproduction
hypothesis were examined separately by three consecutive
analytical steps. First, we examined whether the indicators of each
hypothesis varied by socioeconomic disadvantage at age 16 years.
Second, we assessed whether the indicators predicted MetS at age
43 years. Third, we examined whether the indicators explained the
association between socioeconomic disadvantage at age 16 years
and MetS at age 43 years by means of multiple logistic regression.
The relative reduction in the odds ratio (OR) for SES at age 16 was
used as an estimate of the contribution of each indicator to the
association between SES and MetS.
Social chain of risk hypothesis
First, we examined whether accumulated life course adversity
was systematically distributed with respect to socioeconomic
Table 1
Distribution of potential mediators by the presence of metabolic syndrome at age 43 in the total sample of women (n ¼ 399) and split by high and low SES at age 16 years.
Variable Total sample By SES at age 16
Estimate High SES (n ¼ 250) estimate Low SES (n ¼ 149) estimate Test statistic p value
Metabolic syndrome, n(%) 79 (19.8) 38 (15.2) 41 (27.5) 8.919a 0.003
Burden of life indicators
Adversity at age 16, M (SD) 1.07 (1.08) 0.90 (1.01) 1.34 (1.16) 3.877b <0.001
Adversity at age 21, M (SD) 1.52 (1.19) 1.45 (1.11) 1.64 (1.30) 1.507b 0.118
Adversity at age 30, M (SD) 1.82 (1.54) 1.48 (1.40) 2.40 (1.60) 5.790b <0.001
Adversity at age 43, M (SD) 2.12 (1.68) 1.82 (1.43) 2.64 (1.91) 4.544b <0.001
Life course adversity, M (SD) 6.53 (3.66) 5.65 (3.09) 8.02 (4.06) 6.148b <0.001
Reproductive indicators
Age at menarche (years), M (SD) 12.87 (1.21) 12.96 (1.25) 12.75 (1.12) 1.723b 0.086
Child at age 21 (years), n(%) 53 (13.3) 16 (6.4) 37 (24.8) 27.536a <0.001
No. of children at age 43, M (SD) 2.08 (1.15) 2.04 (1.16) 2.15 (1.14) 0.957b 0.339
a Pearson c2.
b t value. Analyses using the ManneWhitney U test led to similar inferences.
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socioeconomic disadvantage in adolescence displayed a greater
load of life course adversity than women from an advantaged
background. Similar differences were also found for adversity at the
speciﬁc life course periods age 16, 30 and 43 years, with adversity at
age 21 years displaying a non-signiﬁcant difference in the same
direction. To examine whether the association between adolescent
SES and subsequent adversity was independent of SES in adult-
hood, life course adversity was simultaneously regressed on SES at
age 16, 21, and 30 years in complementary analyses (excluding SES
at age 43 due to multicollinearity) (data not shown). Results (adj.
R2 ¼ 0.17, model p < 0.001) showed that SES at age 16 contributed
independently to life course adversity (b ¼ 0.27; p < 0.001)
comparably strongly to the contribution of SES at age 30 years
(b ¼ 0.25; p < 0.001). Thus, socioeconomic disadvantage in
adolescence contributed to a greater risk for exposure to accumu-
lated adversity across the life course, independently of adult
socioeconomic circumstances.
Second, we examined whether each adversity measure pre-
dictedMetS at age 43 years, using simple logistic regressionmodels
(see Table 2, Model 1). One SD higher adversity exposure at speciﬁc
life course periods corresponded to an increase of the odds of MetS
ranging between 26% (adversity at 21 years) and 48% (adversity at
43 years), and one SD of accumulated life course adversity from age
16e43 years corresponded to a 57% increase (see Fig. 2). Thus,
adversity exposure over the life course predicted MetS in mid-
adulthood.
Third, to examine whether adversity explained the crude asso-
ciation between SES at age 16 years and MetS at age 43 (Table 2,
Model 1), adversity variables were added as covariates to themodelTable 2
Summary of logistic regression analyses examining the social chain of risk hypothesis:
models (Model 1), and on SES at age 16 years, plus adversity accumulated over the life co
adversity at 43 years (Model 2e).
Variables Crude models Adjusted models: social chai
Model 1 Model 2a Mode
Socioeconomic disadvantage at 16 yrs
OR (95%CI) 2.12 (1.29e3.49) 1.66 (0.98e2.82) 1.96
OR change from Model 1a e 21.6% 7.6%
Adversity exposureb
Life course, OR (95%CI) 1.57 (1.24e1.99) 1.46 (1.14e1.87) e
At 16 yrs, OR (95%CI) 1.30 (1.03e1.64) e 1.22
At 21 yrs, OR (95%CI) 1.26 (0.99e1.60) e e
At 30yrs, OR (95%CI) 1.35 (1.07e1.71) e e
At 43 yrs, OR (95%CI) 1.48 (1.18e1.87) e e
a ORchange(%) ¼ ((ORModel 2x  ORModel 1)/ORModel 1)  100.
b Z-scores of adversity variables.crude model. Life course adversity reduced the odds ratio for SES at
age 16 by 21.6% (Model 2a), rendering the OR for SES non-signiﬁ-
cant, with adversity remaining signiﬁcant in the adjusted model.
Adjusting for adversity at speciﬁc life course periods in separate
models reduced the OR for SES at age 16 to a lesser degree; by 3.0%
(age 21) to 14.9% (age 43) with the OR for SES remaining signiﬁcant
in all adjusted models (see Table 2, Model 2bee). Simultaneous
adjustment for all four age-speciﬁc adversity measures (data not
shown) lead to comparable results with regard to SES at age 16
(adjusted OR (CI) ¼ 1.68 (0.99e2.87); 20.7% reduction in OR) but
with no individual adversity measure remaining signiﬁcant in the
adjusted model. Thus, in accordance with the social chain of risk
hypothesis, the accumulation of adversity over the life course partly
explained the association between SES and MetS.
Reproduction hypothesis
First, bivariate analyses (Table 1) showed that socioeconomic
disadvantage in adolescence involved a considerably higher
proportion of women of early childbearing age (24.8 vs. 6.4%) and
a tendency to earlier onset of menarche, but SES at age 16 was not
signiﬁcantly related to number of children at age 43.
Second, simple logistic regression analyses (Table 3, Model 1)
indicated that age at menarche was related to MetS, with one year
earlier menarche corresponding to a 37% increase in the odds of
MetS (see Fig. 3). However, neither early childbearing nor number
of children was related to MetS (Table 3, Model 1).
Third, the association between SES at age 16 years and MetS at
age 43 (Table 3, Model 1) was adjusted for each of the reproduction
variables in separate multiple logistic regression models (Modelmetabolic syndrome at age 43 years regressed on each exposure in separate crude
urse (Model 2a), at 16 years (Model 2b), 21 years (Model 2c), 30 years (Model 2d) or
n of risk hypothesis
l 2b Model 2c Model 2d Model 2e
(1.18e3.26) 2.05 (1.24e3.39) 1.86 (1.11e3.14) 1.80 (1.07e3.02)
3.0% 12.0% 14.9%
e e e
(0.96e1.56) e e e
1.22 (0.96e1.56) e e
e 1.25 (0.97e1.60) e
e e 1.39 (1.09e1.77)
Fig. 2. Prevalence of metabolic syndrome at age 43 years (95% conﬁdence intervals) by
quartiles of cumulative life course adversity from adolescence to mid-adulthood.
Fig. 3. Prevalence of metabolic syndrome at age 43 years (95% conﬁdence intervals) by
quartiles of age at menarche.
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reduction of the odds ratio for SES at age 16 with both factors
remaining signiﬁcant in the adjusted model (Model 2a), indicating
that age at menarche explained only a small portion of the asso-
ciation between SES in adolescence and MetS. Neither adjustment
for early childbearing (Model 2b), for number of children at age 43
years (Model 2c), or for all three reproductive indicators simulta-
neously (data not shown; OR increased by 1.3%) reduced the OR for
SES at age 16 years. Thus, analyses did not indicate strong support
for the reproduction hypothesis.Discussion
The present report found support for the social chain of risk
hypothesis but little support for the reproduction hypothesis as
a pathway of women’s embodiment of adolescent socioeconomic
status, as expressed by metabolic syndrome in middle-age. Life
course adversity explained 21.6% of the association between
adolescent disadvantage and adult MetS, which could be consid-
ered to be substantial (Maldonado & Greenland, 1993; Power et al.,
2002). It is important to point out that this percentage only refers to
the covariate’s attenuation of the association between exposure
and outcome, and therefore does not necessarily translate to
adversity being substantially predictive of MetS by itself.
Burdensome life conditions have been proposed as an expla-
nation for why early hardship might inﬂuence women’s more than
men’s health (Hamil-Luker & O’Rand, 2007; Khlat et al., 2009). The
results of the present report can be interpreted as reﬂecting theTable 3
Summary of logistic regression analyses examining the reproduction hypothesis: metabo
(Model 1), and on SES at age 16 years, plus one reproduction variable; age at menarche (M
Variables Crude models
Model 1
Socioeconomic disadvantage at 16 yrs
OR (95%CI) 2.12 (1.29e3.49)
OR change from Model 1a e
Reproductive events
Age at menarcheb, OR (95%CI) 1.37 (1.10e1.70)
Child at 21 yrs, OR (95%CI) 1.07 (0.52e2.19)
No. of children at 43 yrs, OR (95%CI) 0.90 (0.73e1.12)
a ORchange(%) ¼ ((ORModel 2x  ORModel 1)/ORModel 1)  100.
b Reverse coded (years).weathering consequences (Geronimus et al., 2006) of circumstance
produced by women’s early disadvantage and maintained by
a social chain of risk across the life course (Kuh et al., 2003), with
the chain of risk at least partly independent of later socioeconomic
attainment. Our results thus correspond to previous ﬁndings that
the impact of childhood SES on adult ‘metabolic functioning’ is
partly explained by a social chain of risk through childhood
adversity and adult psychosocial functioning, particularly in white
women, and independently of adult socioeconomic status (Lehman
et al., 2005). However, the present study suggests that adversity
accumulated over the entire life course is the most important
factor, which corresponds to an additive rather than a trigger effect
of the social chain of risk (Kuh et al., 2003). Women’s greater
accumulation of life course adversities (deVries & Watt, 1996), also
evident in the present cohort (Gustafsson et al., 2010), indicates
that women’s structural position involves weathering, whichmight
be a clue as to why this example of embodiment is more pertinent
to women than to men.
Although the present report focuses on the individual as the
analytical level, the ecological contextwherein individuals live their
lives might be an important source for producing and maintaining
such social continuity. First, unequal power relations (e.g. by class,
gender and race/ethnicity) are upheld within a particular societal
context, which provides the basis for structural patterning of life
conditions. Second, it is feasible to consider particular micro-
systems (e.g. school, work, family, and neighborhood) as an impor-
tant ecological context inwhich risks are produced and reproduced,
and that individual life histories are reﬂections of the interactionslic syndrome at age 43 years regressed on each exposure in separate crude models
odel 2a), child at age 21 years (Model 2b), and no. of children at 43 years (Model 2c).
Adjusted models: Reproduction hypothesis
Model 2a Model 2b Model 2c
2.03 (1.23e3.36) 2.21 (1.32e3.69) 2.15 (1.31e3.55)
4.1% 4.1% 1.7%
1.35 (1.08e1.68) e e
e 0.80 (0.38e1.68) e
e e 0.88 (0.71e1.10)
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2010). Investigating and illustrating pathways of embodiment
from a framework integrating ecological and life course models are
challenging but important issues for future research.
The reproduction hypothesis is perhaps a tempting explanation
of women’s health disparities due to the tendency to deﬁne
women’s body and health by reproductive capacities (Inhorn &
Whittle, 2001). However, reproductive events did not emerge as
an important pathway of embodiment, and we are not aware of any
directly comparable examinations in the literature. Parental SES has
however been highlighted as a strong predictor of waist circum-
ference and BMI change in adult Swedish women even after
adjustments for parity, age at menarche, and a range of other
factors (Lahmann, Lissner, Gullberg, & Berglund, 2000). It is worth
noting that parity was not related to socioeconomic circumstances
in the present study, which contrast to results from other Western
countries, e.g. the U.S. (Dehlendorf et al., 2010) and Australia (Lee &
Gramotnev, 2006). The reproduction hypothesis might be more
relevant in other societal contexts where a woman’s SES still
inﬂuences the number of children she bears. Onewould also expect
that the speciﬁc gender order in other cultural contexts than the
Swedish one could lead to different results, e.g. in more patriarchal
contexts childbearing might bring prestige and status to the
woman. Interestingly, we did not ﬁnd any support for childbearing
before age 22 years increasing the risk for developing MetS in
adulthood, and after simultaneous adjustment for SES in adoles-
cence early childbearing was non-signiﬁcantly related to lower
rather than higher odds for developing metabolic syndrome.
Although not the focus of the present report, this observation
corresponds to the notion that the adverse consequences of early
(e.g. teen) childbearing has been overstated in the literature and is
largely attributable to pre-existing disadvantage (Geronimus &
Korenman, 1992; Jaffee, 2002). Due to the immigrant situation in
Sweden at the time of the conception of the cohort, the cohort is
ethnically rather homogenous (Hammarström & Janlert, 2011). This
issue might be particularly relevant for the reproductive hypoth-
esis, as ethnic differences have been demonstrated both for the
social determinants and the health impact of childbearing
(Braithwaite et al., 2009; Geronimus, 1996).
Although the pathways of embodiment described in this report
have been neatly partitioned into distinct hypotheses, the path-
ways are not mutually exclusive and most likely act in concert and
by intertwined pathways over the life course; as noted by Krieger
(2005), pathways of embodiment are not easily parsed; a person
is not awoman one day, occupies a socioeconomic position one day,
faces material hardship another day, and bears children yet another
day. Nevertheless, a conceptual disentanglement serves an
heuristic purpose for providing preliminary clues to probable
pathways of embodiment, which might guide further examina-
tions. In total, of the ﬁve hypotheses outlined in the present report
(see Fig. 1) we have only found support for the social chain of risk
hypothesis. Additional pathways can be hypothesized, e.g. oper-
ating through affective illness, early life health behaviors, and
inadequate health care. The contribution of these pathways might
at least partially be encompassed by the hypotheses described in
this report (e.g. mental illness as a consequence of hardship), but
they can also represent distinct or intertwined pathways of
women’s embodiment of early life disadvantage.Methodological considerations
The main methodological strengths of this study are the
prospective design spanning over decades, a sample representative
of Sweden, a low over-all attrition rate with little evidence ofsystematic drop-out, and the operationalization of metabolic
syndrome according to well-established criteria.
The concurrent or short-term retrospective nature of the ques-
tionnaires is an important strength, as retrospective recall in
adulthood might not be optimal for measuring age at menarche
(Cooper et al., 2006) childhood adversities (Hardt & Rutter, 2004) or
childhood socioeconomic status (Senese et al., 2009). The dichot-
omization of socioeconomic disadvantage into manual/non-
manual occupations, which was required due to the low frequen-
cies of self-employed and the limited sample size, is a blunt oper-
ationalization, which would be expected to reduce the estimated
associations. In general, the ability for covariates to make a statis-
tical contribution is heavily inﬂuenced by the precision of
measurement and poor precision would be expected to decrease
the estimated explanatory value. Discrepant levels of precision are
therefore important to bear in mind when comparing estimated
contributions of different hypotheses, as is the comprehensiveness
and validity by which speciﬁc operationalizations correspond to
the concepts that they intend to capture.
The adversity operationalizations should be viewed as crude
proxies of accumulated life course adversity. First, the adversities
included were limited to those available in the questionnaires, and
any such measure only samples a fraction of the multitude of
hardships that life might entail. It is possible that more compre-
hensivemeasurement would have yielded different results. Second,
one could expect various degrees of causal and non-causal associ-
ations between measured and unmeasured adversities. Such
covariance makes the individual importance of particular adver-
sities difﬁcult to identify, and the demonstrated effect of adversity
might actually reﬂect the inﬂuence of unmeasured adversities, e.g.
discrimination (Krieger, 1999) and sexual abuse (Krieger & Davey
Smith, 2004). Nevertheless, this web of potentially clustered
adversities also implies that the contribution of unmeasured
adversities might be partially incorporated in less comprehensive
measures. Third, the particular chain or combination of events
might have importance for health. Nevertheless, the simple count
of adversities might serve as valid operationalization, both of the
structural origins (e.g. as a result sustained disadvantage) and of the
metabolic impact (e.g. repeated physiological adaptations) of
adversity. Fourth, it is possible that qualitatively distinct factors not
considered here confound the impact of adversity.
As the question on number of children at age 43 was formulated
as children the respondent lived or had lived with, this proxy for
parity might also include children to whom the respondent is not
the biological mother. This imprecision potentially contributed to
the weak associations between number of children and MetS.
Moreover, reproductive events other than those considered in the
present study (such as abortions, stillbirths, age at menopause and
reproductive years) might be indicators of the reproductive
hypothesis relevant to examine in future studies.Conclusions and directions for future research
Our data suggests that women’s embodiment of adolescent
socioeconomic disadvantage, manifested as metabolic syndrome in
mid-adulthood, is partially conveyed through the cumulative
effects of the social and material hardships encountered across the
life course. In contrast, reproductive events did not emerge as
important explanatory factors. Future research should aim at
further reﬁnements and speciﬁcations of probable pathways of
embodiment suggested in the present study and in other reports,
and also at highlighting the entanglement of different pathways.
Detailed mapping of the sequence of burdensome life circum-
stances over the life course and within physical and social contexts
P.E. Gustafsson, A. Hammarström / Social Science & Medicine 74 (2012) 1630e1638 1637(e.g. neighborhoods) could give further clues as to how the social
inequality is embodied in women.Acknowledgments
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